Cell proliferation and differentiation are two intimately connected fundamental processes. For instance, proliferating neural precursors that undergo terminal neuronal differentiation exit the cell cycle in an irreversible manner, a phenomenon we call mitotic exit. Although we have a good understanding of the gene expression changes that occur during cell cycle arrest, much less is known about the exact molecular mechanisms that enable a permanent shut down of cell cycle gene transcription during mitotic exit. The study by Andrusiak et al.[@R1] sheds some light on this important question.

Transcription factors of the E2F family play a central role in controlling proliferation: in cells that are growing, E2F proteins turn on the expression of genes enabling cell division, while they contribute to shutting down the transcription of those genes in cells that are exiting the cell cycle. The transcriptional regulatory function of E2F proteins comes in part from their ability to recruit protein complexes that help alter the structure of chromatin. In dividing cells, E2Fs can recruit histone methyltransferases or acetyltransferases to impart chromatin marks that facilitate gene transcription, such as H3K4me3 or H3ac (reviewed in ref. [@R2]). On the other hand, in cells that have stopped to divide, E2Fs interact with one of the pocket proteins, the retinoblastoma protein pRb or its relatives, p107 and p130. By binding to E2Fs, the pocket proteins can passively repress gene expression by blocking E2F transcriptional activation functions. Moreover, they can also actively repress E2F target gene expression by recruiting transcriptional co-repressors that participate in modifying the structure of chromatin (reviewed in ref. [@R3]).

Many of these chromatin remodeling proteins, such as the histone deacetylase HDAC1 or the heterochromatin protein HP1, contain a short stretch of amino acids matching the consensus LXCXE (where X represents any residue), which allows them to interact with the pocket domains of pocket proteins at a site different from the E2F-binding domain. In cultured cells, pRb mutants that lack the LXCXE-interaction domain fail to engage in active transcriptional repression of E2F targets[@R4] and to properly establish pericentric heterochromatin.[@R5] Nevertheless, these mutants retain their ability to block E2F-dependent transcriptional activation and to induce cell cycle arrest.

In the brain, Rb is essential to the cell cycle exit and survival of post-mitotic cortical neurons.[@R6] Andrusiak et al. have now examined whether the role of pRb in enforcing the post-mitotic state depends on its capacity to recruit LXCXE domain-containing chromatin remodeling activities.[@R1] They made use of inducible loss-of-function alleles of Rb in vivo and in vitro to prevent the emergence of compensatory effects that can occur with constitutive loss-of-function models. The authors show that while the acute deletion of Rb leads to de-repression of E2F-targeted cell cycle genes in cortical neurons, those genes remain silent when the only remaining allele of Rb codes for a protein unable to interact with LXCXE domain-containing proteins ([Fig. 1](#F1){ref-type="fig"}). Moreover, they show that the complete elimination of Rb changes the chromatin from a state refractory to transcription (nucleosomes trimethylated on H3K9 and poorly acetylated) to one that is more conducive to gene expression. Finally, the authors demonstrate that E2F proteins are responsible for the change in chromatin structure after complete deletion of Rb: no change in chromatin structure takes place when E2F proteins are prevented from binding to their target genes, and cells remain in their post-mitotic state. This rescue experiment demonstrates that pRb keeps mitotically arrested neurons out of the cell cycle by blocking E2F-mediated transcriptional activation of cell cycle genes, rather than by recruiting LXCXE-containing chromatin remodeling complexes.

![**Figure 1.** LXCXE-independent chromatin remodeling and cell cycle repression in mitotically arrested cells. Andrusiak et al. reported that in cortical neurons of the adult brain, which have permanently ceased proliferation, the acute loss of pRb leads to chromatin remodeling at cell cycle genes, to cell cycle re-entry and to apoptotic loss of neurons. In contrast, loss of pRb's ability to interact with LXCXE-containing proteins does not lead to changes in chromatin structure or to cell cycle re-entry. Moreover, the loss of pRb phenotype can be reversed if the action of E2F proteins is blocked by the overexpression of a dominant-negative form of DP1 that blocks E2F DNA binding.](cc-12-1661-g1){#F1}

These findings inform us on the multiple roles played by pRb in regulating gene silencing. During senescence or after exposure to genotoxic stress, pRb may cooperate with LXCXE-containing proteins to block the expression of target genes and suppress tumorigenesis.[@R7]^,^[@R8] However, permanent mitotic exit appears to rely on a different function of pRb: that of antagonizing E2F-mediated cell cycle gene activation.
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